The extent to which the blood supply of normal and hypertrophied right ventricles originates from the right and left coronary arteries was investigated in conscious dogs. Right ventricular (RV) hypertrophy, induced by gradual, chronic (4-6 months) stenosis of the main pulmonary artery, was characterized by a 72% increase (P < 0.001) in RV weight to body weight ratio and a 106% increase (P < 0.001) in total RV transmural blood flow per gram (radioactive microsphere technique). In normal dogs, left main coronary artery occlusion (CAO) reduced blood flow only slightly to the central core of the RV free wall, but markedly (P < 0.001) to the peripheral zones. Right main CAO reduced blood flow in both RV central and peripheral zones to similar absolute levels in both normal animals and dogs with RV hypertrophy. Keeping in mind that pre-CAO control levels were greater in the presence of hypertrophy, the magnitude of the reduction in blood flow was significantly greater (P < 0.01) with right CAO in dogs with hypertrophy. Endocardial-epicardial perfusion ratios of both RV central and peripheral zones were significantly reduced (P < 0.02) both at rest and during right CAO in dogs with RV hypertrophy as compared to normal dogs with matched heart rates. These data indicate that the left coronary artery usually supplies a substantial fraction (~37%) of total RV free wall perfusion in normal, conscious dogs. Moreover, it is seen that the marked, selective increases in transmural RV blood flow in RV hypertrophy are provided by the right but not the left coronary artery.
NUMEROUS investigations have examined the coronary circulation in normal and hypertrophied left ventricles. Although right ventricular hypertrophy is not encountered in patients as frequently as is left ventricular hypertrophy, it remains an important clinical entity, e.g., in patients with acquired pulmonary hypertension from a variety of etiologies, as well as those with congenital heart disease. We previously have demonstrated in conscious dogs that chronic pressure overload induced by pulmonary artery stenosis is associated with progressive, selective, and marked increases in transmural blood flow per gram of hypertrophied right ventricle (Murray et al., 1979) . However, the mechanism for this augmentation in blood flow remains undefined. It is generally known, although largely unquantified, that canine right ventricular blood flow originates normally from both the right and left coronary arteries (Gregg and Fisher, 1963) . It is possible, therefore, that the increased blood flow to hypertrophied right ventricle could be mediated not only by an increase in right coronary artery blood flow, but also by enhanced perfusion via either preexisting or newly formed branches of the left coronary artery. If the hypertrophic process stimulates enhanced perfusion of the right ventricle from the left coronary artery, then transmural blood flow per gram of hypertrophied right ventricle should be elevated above normal levels in the presence of acute right coronary artery occlusion.
The overall goals of the present study were, first, to quantify the extent to which the left coronary artery perfuses the normal right ventricle and, second, to ascertain whether perfusion of the right ventricle by the left coronary artery is enhanced following the development of severe right ventricular hypertrophy. The specific objectives, therefore, were: (1) to quantify the magnitude and distribution of blood flow to the right ventricular free wall that normally originates from the left coronary artery by assessing levels of right ventricular transmural blood flow during acute left main coronary artery occlusion in an intact conscious animal model at physiological perfusion pressures, (2) to assess levels of transmural blood flow to both normal and hypertrophied right ventricles during acute occlusion of the right coronary artery in conscious dogs, and (3) to examine the regional distribution of blood flow across the free wall of normal and hypertrophied right ventricles both at rest and during acute occlusion of the right coronary artery. These studies provide the first quantitative assessment concerning relative contributions of the right and left main coronary arteries to total perfusion of normal and hypertrophied right ventricles of conscious dogs, and serve as a fundamental basis for the further evaluation of coronary vascular adjustments which characterize the development of right ventricular hypertrophy induced by pressure overload.
Methods

Surgical Preparation
Twenty-nine mongrel dogs of either sex (conditioned and free of microfilaria) were tranquilized with Tranvet-10 (Propiopromazine HC1), 0.1 mg/ kg, im, and subsequently anesthetized with sodium pentobarbital, 30 mg/kg, iv, intubated, artificially ventilated, and prepared for sterile surgery. Two separate experimental preparations were used:
Right Main Coronary Artery Occlusion Model
In 22 of the dogs, the heart was exposed via a left thoracotomy in the 5th intercostal space. Heparinfilled Tygon catheters (Norton Company) were implanted in the descending thoracic aorta and, following pericardia! incision, in the left atrium and the right ventricle. An inflatable hydraulic occluder (20-26 mm inside diameter: Jones Company) was placed around the main pulmonary artery in nine of these dogs; the remaining animals eventually served as normal controls. The distal ends of the catheters and occluder were exteriorized and positioned between the scapulae. All animals were placed on a 1-week postsurgical regimen of antibiotics. A minimum interval of 3 weeks was allowed for recovery from the effects of this initial surgery. At this time, nine of the dogs were subjected to gradual chronic pressure overload of the right ventricle induced by inflation of the pulmonary artery occluder as described below.
One month (normal group) or 4-5 months (hypertrophied group) after the initial surgery, a second thoracotomy was performed through the 4th right intercostal space. A segment (approximately 2 cm) of the right main coronary artery was dissected free of connective tissue and fat in a retrograde direction from the first major ventricular branch to its aortic origin for placement of an inflatable hydraulic occluder (4 mm i.d.) and a proximal Doppler ultrasonic flow transducer. Pacing electrodes were sutured to the surface of the right atrium and right ventricle. An interval of 3-4 weeks was allowed for recovery of the animals from the effects of surgery.
Left Main Coronary Artery Occlusion Model
In an additional seven normal dogs, the heart was exposed via a left thoracotomy in the 5th intercostal space. Heparin-filled Tygon catheters were implanted in the descending thoracic aorta and left atrium. The left main coronary artery was carefully dissected and isolated for placement of an inflatable hydraulic occluder (6 mm i.d.). A segment of left circumflex coronary artery (approximately 2 cm in length and 3 cm distal to the bifurcation of the left main coronary artery) was isolated for placement of a Doppler ultrasonic flow transducer. The catheters, occluder, and flow probe wires were exteriorized and the dogs were allowed to recover.
Induction of Right Ventricular Hypertrophy
Pressure-overload right ventricular hypertrophy was produced in nine dogs by gradual, chronic inflation of the hydraulic occluder previously implanted around the main pulmonary artery (Higgins et al., 1973; Murray et al., 1979) . A stable, peak right ventricular systolic pressure of 50 mm Hg was achieved during the initial presentation of the presure overload. Over the succeeding 2 weeks, inflation of the occluder was adjusted such that peak systolic pressure was at least 70 mm Hg, and right ventricular presure and heart rate were monitored on a biweekly basis thereafter. Subsequent changes in right ventricular pressure and all other measured variables occurred spontaneously in the presence of a consistently applied stenosis of the pulmonary artery. The pressure overload was sustained over a 4-to 6-month period.
Experimental Measurements
Aortic and right ventricular systolic and enddiastolic pressures were measured from the previously implanted catheters attached to calibrated strain gauge manometers (Statham P23Db). Right main coronary and left circumflex coronary artery blood flows were measured from the implanted flow transducers connected to a nondirectional CW Doppler ultrasonic flowmeter (Franklin et al., 1966; Vatner et al., 1970) . Mean aortic pressure was obtained using a passive electronic filter with a 2second time constant. A cardiotachometer (Beckman type 9856), triggered by the arterial pressure pulse, provided instantaneous and continuous records of heart rate. Data were recorded on a multichannel oscillograph (Gould-Brush) and tape recorder (Bell and Howell UR-3700B).
Regional myocardial blood flow was measured before and during right or left main coronary artery occlusion with isotopically labeled carbonized microspheres (15 ± 2 jum in diameter: 3M Company). The radioactive label of the microsphere ( 95 Nb, ^Sr, 14 'Ce, or 46 Sc) was chosen randomly. The microspheres were suspended in 0.01% Tween-80 solution (10% dextran), agitated by direct application of an ultrasonic probe to ensure dispersion of the spheres, and placed in an ultrasonic bath for at least 60 minutes prior to injection. Absence of microsphere aggregation was verified by microscopic examination. Prior to injection of microspheres, 0.7 ml of the Tween-80-dextran solution (without microspheres) was injected to determine whether the diluent for the microsphere suspension had an effect VOL. 47, No. 2, AUGUST 1980 on measured cardiac or systemic hemodynamics or coronary blood flow (Millard et al., 1977) . One to two million microspheres, suspended in 10% dextran, were injected through the catheter implanted in the left atrium for determination of blood flow. A reference sample of arterial blood was withdrawn (7.75 ml/min) from a catheter inserted into the abdominal aorta via the femoral artery under local anesthesia (2.0% lidocaine HCl) on the day of the experiment. Reference sample withdrawal was initiated 10 seconds before microsphere injection, and continued for approximately 40 seconds after the injection was completed (total withdrawal time, 75-90 seconds).
After the dogs had been killed, examination of those subjected to long-term pressure overload failed to reveal ascites or hepatic congestion, indicating that these animals were not in congestive heart failure. After excision of the heart, the atria, great vessels, valves, large surface vessels and epicardial fat were discarded. The free walls of the right and left ventricles and the septum were weighed separately. Values for ventricular mass-tobody weight ratios were computed using the free walls of the right and left ventricles and the body weight of the dog at the time of the initial surgery. Right ventricular wall thickness was measured at a consistent site in the mid-free wall and included trabecular muscles. After fixation in 10% phosphate-buffered formalin, the free wall of the right ventricle was divided into a grid comprised of 17 regional segments. The position of each segment was consistent in all animals, in order to systematically evaluate the contributions of the right and left coronary arteries to regional perfusion of the free wall of the right ventricle (refer to figures). Each regional segment, in turn, was subdivided into endocardial and epicardial layers and weighed. The weights of these myocardial samples ranged between 0.5 and 1.5 g. The samples were placed in a multichannel y well counter (Searle Analytic Company), and counted with appropriately selected energy windows. The raw counts were corrected for background and crossover and compared with the reference blood sample to obtain flow expressed in ml/min per g of tissue. The value reported for right ventricular flow per gram of tissue for a given region of right ventricle represents the average flow value (ml/min per g) measured in that region for a given group (i.e., normal or long-term pressure overload).
Experimental Protocols
Experiments were performed in a dimly lit, quiet room with the unsedated conscious dog resting comfortably on its right side.
Right Main Coronary Artery Occlusion Protocol
To ascertain whether the development of right ventricular hypertrophy is characterized by enhanced perfusion of the right ventricle from the left coronary artery, right ventricular transmural blood flow was measured before and during acute occlusion of the right main coronary artery in seven normal dogs and in nine dogs subjected to longterm pressure overload. Heart rate was allowed to vary spontaneously in these experiments. Following control measurements of aortic and right ventricular systolic and end-diastolic pressures, heart rate, and right coronary artery blood flow, radioactive microspheres were injected for measurement of regional myocardial blood flow. Then, the right main coronary artery was occluded by inflation of the previously implanted hydraulic occluder. Complete occlusion was confirmed by the absence of a blood flow signal from the flow transducer previously implanted on the right coronary artery. Thirty seconds after occlusion of the right main coronary artery, a second determination of regional myocardial blood flow was made. The dogs then were killed with sodium pentobarbital (50 mg/kg, iv) followed by saturated potassium chloride.
A protocol similar to the one described above was carried out in six additional normal dogs except that in these animals, heart rate both during control observations and during right main coronary artery occlusion was elevated by external pacing to approximately the same rate as observed in the hypertrophied group under these conditions.
Left Main Coronary Artery Occlusion Model
To assess the magnitude and distribution of blood flow to the right ventricle originating from the left coronary artery in an intact conscious animal at physiological perfusion pressures, right ventricular transmural blood flow was measured before and during acute occlusion of the left main coronary artery in normal dogs. The dogs were pretreated with intravenous propranolol HCl (1.0 mg/kg) and atropine sulfate (0.1 mg/kg) to blunt metabolically induced changes in blood flow that normally would be associated with reflex increases in heart rate and myocardial contractility subsequent to occlusion of the left main coronary artery. Following control measurements of aortic pressure, heart rate, and left circumflex coronary artery blood flow, radioactive microspheres were injected for measurement of regional myocardial blood flow. Then, the left main coronary artery was occluded by inflation of the previously implanted hydraulic occluder. Complete occlusion was confirmed at this time by the absence of a blood flow signal from the flow transducer previously implanted on the left circumflex artery. Immediately after occlusion of the left main coronary artery (<5 seconds), a second determination of regional myocardial blood flow was made. In all cases, the second injection of microspheres occurred prior to any substantial increase in heart rate or decrease in aortic pressure. The occlusion was sustained throughout the period of arterial reference sample withdrawal (75 seconds). Two separate mea-surements of regional myocardial blood flow were obtained in six of the seven dogs studied during control conditions, and three of the seven dogs during acute occlusion of the left main coronary artery. These duplicate determinations of myocardial blood flow were averaged before inclusion in the final data pool. After these animals had been killed, transmural blood flow was assessed in three tissue samples each taken from areas of the left ventricular free wall and septum perfused by the left anterior descending artery, the left circumflex artery, and the septal artery, in order to verify complete occlusion of the left main coronary artery.
Data Analysis
All experiments were performed on conscious dogs, and data were stored and statistically analyzed with a PDP 11/34 computer (Digital Equipment Corporation).
The effects of left main coronary artery occlusion on transmural blood flow to individual regions of the right ventricular free wall were assessed for statistical significance by Student's t-test for paired comparisons (Snedecor and Cochran, 1969) . To adjust for the increased incidence of type I error consequent to multiple comparisons, the critical probability level was also computed by the Bonferroni method (Miller, 1966) , as the ratio a/k where a equals the error rate (e.g., P < 0.05) and k equals the number of tests in a given comparison.
The 17 individual regions of the right ventricular free wall were separated and grouped into either central or peripheral zones of the right ventricle. For a given region to be categorized as central (stippled areas in figures), it was necessary for blood flow in that region: (1) to have not been significantly reduced during left main coronary artery occlusion and (2) to have been reduced during right main coronary artery occlusion. All regions that failed to satisfy both these criteria were grouped in the peripheral zone. Multiple group comparisons of the levels of transmural blood flow and the endocardialepicardial perfusion ratio in central and peripheral zones at rest and during right or left coronary artery occlusion were tested for statistical significance by two-way analysis of variance (Armitage, 1974) . The probability that directional differences in transmural blood flow between normal and hypertrophied right ventricles during control conditions and during right main coronary artery occlusion occurred by chance was computed using the binomial theorem. Differences in degree of heterogeneity of perfusion of normal and hypertrophied right ventricles were tested for statistical significance by the F-test (i.e., the overall variances of the logarithm of the mean transmural blood flow levels for each of the 17 regions of the normal and hypertrophied right ventricles were compared). The logarithm was computed to obviate the problem that the magnitude of the variance tends to be proportional to the mean value. The coefficient of variation of the distribution of blood flows to both normal and hypertrophied right ventricles during control conditions was computed as the quotient of the standard deviation and the mean of the logarithm values of transmural blood flow in each of the 17 regions of the right ventricular free wall times 100.
The fractional contribution of the left main coronary artery to total perfusion of the right ventricular free wall was estimated by summing the fractional reductions in right ventricular transmural blood flow in those regions of the right ventricle which exhibited reductions in blood flow during acute left main coronary artery occlusion.
Results
Physical, Hemodynamic, and Blood Flow Characteristics of Right Ventricular Hypertrophy
The physical and hemodynamic characteristics of this experimental model of right ventricular hypertrophy are summarized in Table 1 . Long-term pulmonary artery stenosis resulted in substantial hypertrophy of the right ventricle, as evidenced by significant increases (P < 0.001) in right ventricular weight-to-body weight ratio, right ventricular wall thickness, and the ratio of right ventricular free wall weight to left ventricular free wall weight. Although mean aortic pressure was unchanged with the development of right ventricular hypertrophy, right ventricular systolic and end-diastolic pressures and heart rate all were significantly elevated (P < 0.01). Control levels of transmural blood flow (ml/min per g) in each of the 17 regions of normal and hypertrophied right ventricular free wall are summarized in Figure 1 . In all 17 regions analyzed, control transmural blood flow for hypertrophied right ventricle was increased compared to normal (probability of 15.3 out of one million that this occurred by chance). Control blood flows in both the endocardial and epicardial layers (not shown) of the hypertrophied right ventricle also were elevated compared to normal in all regions analyzed. Control blood flows in both normal and hypertrophied ventricles were progressively higher toward the anterior margin in the area of the right ventricular outflow tract (Fig. 1) , although the blood flows in the normal right ventricle were more heterogeneously distributed than in the hypertrophied right ventricle (P < 0.01; F-test). The respective coefficients of variation for blood flow distribution were 40.2% in the normal and 17.6% in the hypertrophied right ventricle.
Effects of Acute Left Main Coronary Artery Occlusion on Blood Supply to Normal Right Ventricle
The magnitude and regional distribution of right ventricular free wall perfusion originating from the left coronary artery in normal dogs at physiological perfusion pressures were examined immediately after occlusion of the left main coronary artery. Ten to 15 seconds after left main coronary artery occlusion (i.e., approximately the time when the radioactive microspheres arrived in the tissue), mean aortic pressure was slightly decreased (P < 0.05) by 9 ± 3 mm Hg from a control level of 101 ± 5, whereas heart rate was unchanged (+8 ± 7 beats/ min) from a control value of 140 ± 6. Complete occlusion of the left main coronary artery was verified by a reduction in left ventricular free wall transmural blood flow to 0.04 ± 0.01 ml/min per g from a preocclusion value of 1.66 ± 0.11. As shown in Figure 2 , blood flows to those individual regions comprising the central zone of the normal right ventricle (stippled regions) were not significantly reduced during acute occlusion of the left main coronary artery, whereas most regions (7 out of 10) comprising the peripheral zone exhibited significant decreases (P < 0.05) in blood flow during left main coronary artery occlusion, with four regions suffering reductions in blood flow greater than 70%. When the various regions comprising the central and peripheral zones, respectively, of the right ventricle are grouped (Table 2) , it is apparent that left main coronary artery occlusion results in only a small but statistically significant reduction in transmural blood flow to the central zone of the right ventricle, indicating that this area is supplied principally by the right coronary artery, whereas a marked decrease in blood flow occurs in the peripheral zone. Under the conditions of these experiments, approximately 37% of total transmural blood flow to the right ventricular free wall originates from the left coronary artery. Symbols represent statistically significant differences between control and occlusion values at P < 0.001 (|) and P < 0.01 (*). Value in parentheses represents number of dogs.
Effects of Acute Right Coronary Artery Occlusion on Blood Supply to Normal and Hypertrophied Right Ventricles
Changes in cardiac and systemic hemodynamics measured after 30-45 seconds of right coronary artery occlusion are shown in Table 3 . The only significant change observed was a small increase (P < 0.05) in heart rate of 13 ± 5 beats/min during right coronary artery occlusion in dogs with right ventricular hypertrophy.
Transmural blood flows for both normal and hypertrophied right ventricles in the presence of acute right main coronary artery occlusion are summarized in Figure 3 . No consistent differences in transmural blood flow between normal and hypertrophied right ventricles were observed; i.e., in 12 regions, blood flow was higher in hypertrophied right ventricle, whereas, in five regions, blood flow was higher in normal right ventricle during right coronary artery occlusion. In Table 4 , the various regions comprising the central and peripheral zones, respectively, of the normal and hypertrophied right ventricles at control and during right coronary artery occlusion are grouped. Control blood flow levels in both zones are significantly elevated (P < 0.001) in hypertrophied right ventricle compared to normal. Right coronary artery occlusion was characterized by a significant decrease (P < 0.001) in blood flow to the central zone of the normal right ventricle, but there was no change, in the peripheral zone. In contrast, blood flow was significantly reduced (P < 0.001) in both zones of the hypertrophied right ventricle during right coronary artery 
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0.4 ± 1.9 (9) 13 ± 5* (9) occlusion. However, absolute blood flows in the respective central and peripheral zones were not different in normal or hypertrophied right ventricles during right coronary artery occlusion. Whereas the absolute contribution of the left coronary artery to perfusion of normal and hypertrophied right ventricles appears similar, the fractional contribution of right coronary artery blood flow to total perfusion of the right ventricle is enhanced in the hypertrophied right ventricle. As shown in Figure 4 , the reductions in transmural blood flow associated with acute right coronary occlusion were greater in all 17 regions of the hypertrophied right ventricle as compared to normal (15.3 chances in one million). These reductions in blood flow during right coronary artery occlusion were significantly greater (P < 0.001) in both the central and peripheral zones of the hypertrophied right ventricle compared to normal (Table 4) .
As shown in Table 5 , the control endocardialepicardial perfusion ratio of hypertrophied right ventricle was reduced in both central and peripheral zones, although these differences were not significant. Whereas only small decreases in the endocardial-epicardial perfusion ratio during right coronary artery occlusion were observed in normal right ven- VOL. 47, No. 2, AUGUST 1980 
FIGURE 4 Changes (mean ± 1 SEM) in right ventricular (RV) transmural blood flow from preocclusion values in each of the 17 different regions of the right ventricular free wall during acute occlusion of the right main coronary artery. Each pair of data points represent values obtained from seven normal dogs (top) and nine dogs with right ventricular hypertrophy (bottom).
Effects of Elevated Heart Rate on Transmural Blood Flow and Endocardial-Epicardial Perfusion Ratio of Normal Right Ventricle at Control and during Acute Right Coronary Artery Occlusion
In a separate group of normal dogs, heart rate was increased by external pacing to 140 ± 8 beats/ min at control and 159 ± 9 beats/min during right coronary artery occlusion. As shown in Table 6 , preocclusion blood flows were still significantly greater (P < 0.001) in both zones of hypertrophied right ventricle compared to normal, whereas blood flows were not different in normal and hypertrophied right ventricles during right coronary occlusion.
The respective endocardial-epicardial perfusion ratios are shown in Table 7 . At similar heart rates, the endocardial-epicardial perfusion ratios for hypertrophied right ventricle were significantly reduced (P < 0.02) in both central and peripheral zones at control and during right coronary artery occlusion, compared to normal.
Discussion
Adaptive responses of the coronary circulation of the hypertrophied left and right ventricles to the stress of chronic pressure overload appear to be different. In the presence of anesthesia or premedication, pressure overload-induced left ventricular hypertrophy has been reported to be associated with either a decrease (Malik et al., 1973; Gamble et al., 1973; Johnson et al., 1978) or no change (West et al., 1959; O'Keefe et al., 1978) in blood flow per gram of myocardial tissue. In conscious dogs with left ventricular hypertrophy induced by congenital subcoronary aortic stenosis (Pyle et al., 1973) , by supracoronary aortic banding (Holtz et al., 1977; Rembert et al., 1978) or by renal hypertension (Mueller et al., 1978) , blood flow was found to be either unchanged (Pyle et al., 1973; Holtz et al., 1977; Mueller et al., 1978) or only slightly increased (Rembert et al., 1978) per gram of hypertrophied left ventricle. In contrast to the left ventricle, a pressure overload stimulus results in a marked, selective increase in resting transmural blood flow per gram of hypertrophied right ventricle (Murray et al., 1979) . However, the mechanism responsible for this coronary vasodilation with right ventricular hypertrophy is not presently known. Based on data from a previous study (Murray et al., 1979) , the mechanism does not appear to involve: (1) an increase in coronary perfusion pressure, (2) a decrease in myocardial extravascular compression, (3) neurohumoral factors, or (4) an increase in vascular density. Moreover, the results of the present study indicate that an increase in heart rate cannot be solely responsible for the increased resting blood flow to hypertrophied right ventricle, because blood flow is significantly greater in hypertrophied right ventricle compared to normal when the heart rates are matched by external pacing (Table 6 ). Because the augmentation in flow is specific for the right ventricle, it is likely that a major determinant of the increased blood flow is the increased external work that must be performed by the right ventricle in order to maintain function in the face of the pressure overload.
Whereas it is generally known (Gregg and Fisher, 1963 ) that both the right and left coronary arteries contribute to total perfusion of the right ventricle, VOL. 47, No. 2, AUGUST 1980 we wanted to determine whether the fractional contribution of these vessels was altered with the development of right ventricular hypertrophy. If, for example, nutrient supply via the right coronary artery is not adequate to compensate for the elevated metabolic demands of the hypertrophied right ventricle, either at rest or during episodes of cardiovascular stress, periods of tissue hypoxia would occur, which in turn could act as a stimulus for increased perfusion of the right ventricle from the left coronary artery. In support of this hypoxic gradient hypothesis, a recent preliminary study (Wilson et al., 1979) reported that chronic ischemia induced by right coronary artery occlusion is associated with significant collateralization of the right ventricle from the left coronary artery. A primary objective of the present study, therefore, was to determine whether the increase in blood flow to hypertrophied right ventricle is mediated primarily by an increase in right coronary artery blood flow, or is the result of enhanced perfusion of the hypertrophied right ventricle from the left coronary artery.
The results of the present study indicate that enhanced perfusion of the right ventricle from the left coronary artery is not responsible for the increased right ventricular blood flow that characterizes right ventricular hypertrophy. Moreover, the fractional contribution of right coronary artery blood flow to total perfusion of the right ventricle is actually increased following the development of right ventricular hypertrophy. These conclusions are based on the observations that in the presence of acute right main coronary artery occlusion: (1) levels of right ventricular transmural blood flow, which under these circumstances must be supplied solely by the left coronary artery, were not different in either central or peripheral zones of normal and hypertrophied right ventricles (Tables 4 and 6) , and (2) the absolute reductions in right ventricular blood flow in response to acute right coronary artery occlusion were greater in the hypertrophied than in the normal right ventricle (Figure 4 ; Tables  4 and 6) .
Although enhanced perfusion of the right ventricle from the left coronary artery does not appear to be a mechanism for the elevated transmural blood flow that characterizes the hypertrophied right ventricle, it is apparent that the left coronary artery perfuses a substantial portion of the normal right ventricle (Figure 2 ; Table 2 ). Several previous studies (Moore, 1930; Schlesinger, 1938; Pianetto, 1939; Kazzaz and Shanklin, 1950; Donald and Essex, 1954) , using largely nonquantitative techniques, i.e., portmortem coronary artery injections with radioopaque or colored plastic materials, have demonstrated varying degrees of perfusion of the right ventricle from the left coronary artery. However, to accurately assess the fractional contribution of left coronary artery perfusion of the normal right ventricle, it is essential to avoid the confounding influ-ence of a lowered right coronary perfusion pressure such as occurs distal to right coronary artery occlusion, since this could result in the recruitment of vascular channels that are not functional at normal perfusion pressures. In the present study, therefore, we measured blood flows in the different regions of the normal right ventricle immediately after occlusion of the left main coronary artery since, under these conditions, perfusion of the right ventricle must be solely via the right coronary artery. It is emphasized that the blood flow determinations were made prior to any substantial decrease in aortic pressure resulting from left main coronary artery occlusion, and that metabolically related alterations in blood flow were attenuated by pretreating the animals with propranolol and atropine. Our results (Fig. 2) indicate that under the conditions of these experiments up to 37% of total perfusion of the right ventricular free wall is supplied by the left coronary artery.
Several potential weaknesses in experimental design used in this study require comment. First, a basic assumption is that the radioactive microsphere technique is adequate to detect accurately blood flow to either normal or hypertrophied right ventricle originating from the left coronary artery. We recognize that use of the microsphere technique does not allow us to discriminate between "true" collateral flow (i.e., flow through pathways recruited only after flow through the original main vessel is impeded) or "overlap" flow of perfusion territories supplied by both the right and left coronary arteries. However, results of a recent study (Cohen, 1978) indicate that the densities of radiolabeled diffusible indicator ( 86 Rb) and radioactive microspheres, in both normally perfused and ischemic areas of the heart, are closely correlated, whereas the geometry of even undeveloped collateral channels was found to be adequate to permit passage of 15-jum microspheres. Thus, it is likely that the measured blood flows in the different regions of the right ventricle following acute right coronary artery occlusion reflect the total contribution of blood flow (i.e., both true collateral and overlap blood flow) to the right ventricle originating from the left coronary artery. Second, our quantitation of the fractional contribution of the right and left coronary arteries to total perfusion of the normal right ventricle is based exclusively on levels of right ventricular transmural blood flow subsequent to complete occlusion of either the right or left main coronary arteries. Therefore, it is important to note that complete occlusion of these vessels at the time of the experiment was verified by absence of blood flow signal from the previously implanted Doppler flow transducers. In the protocol involving left main coronary artery occlusion, this method was verified further postmortem by the absence of blood flow (radioactive microsphere technique) in areas of theleft ventricular free wall and septum supplied by the left anterior descending, left circumflex, and septal arteries. Third, as shown in Table 2 , levels of transmural blood flow in the central core of the normal right ventricle were slightly but significantly reduced from control levels during left coronary artery occlusion. These reductions in flow could suggest that the left coronary artery supplies a small proportion of flow even to the central core of the right ventricle. Alternatively, this small reduction in flow could be a secondary effect related to left coronary artery occlusion which is independent of the perfusion characteristics of the left coronary artery (e.g., a decrease in venous return). Under these circumstances, our approximation of the contribution of the left coronary artery to total perfusion of the right ventricle would be slightly overestimated. Fourth, because blood flow to the right ventricle via the left coronary artery could be affected by the higher heart rates of dogs with right ventricular hypertrophy during right coronary artery occlusion, comparisons between blood flow levels of normal dogs with spontaneous heart rate and dogs with right ventricular hypertrophy must be interpreted with care (Table 4 ). However, when heart rate in a separate group of normal dogs was increased by external pacing to a level which matched the heart rates of dogs with right ventricular hypertrophy, no differences in the levels of transmural flow between the two groups were noted during right coronary artery occlusion (Table 6 ). This indicates that perfusion of the right ventricle via the left coronary artery is not enhanced following the development of right ventricular hypertrophy. A final criticism could be that assessment of the contribution of the left coronary artery to total perfusion of the hypertrophied right ventricle was made when perfusion pressure in the right coronary vasculature was abnormally low subsequent to right main coronary artery occlusion. However, even under these conditions, where perfusion of the right ventricle from the left coronary artery should be optimal, no differences in the levels of right ventricular transmural blood flow between normal and hypertrophied ventricles were observed (Tables 4  and 6) .
Resting transmural blood flow to the normal right ventricular free wall appears to be somewhat heterogeneously distributed, with the outflow tract or conus regions demonstrating higher basal flows (Fig. 1) . The observation is consistent with previous reports concerned with regional contraction patterns of the right ventricle (Tobin et al., 1965; Carlsson, 1969; Armour et al., 1970; Raines et al., 1976; Santamore et al., 1979) which suggest that the outflow tract is not only anatomically and embryologically distinct from the rest of the right ventricle (Keith, 1924; Brock, 1955; March et al.,1962) , but also physiologically distinct, in that its contraction pattern begins later and lasts longer (Raines et al., 1976) . It is interesting that this heterogeneity of flow is not as apparent following pharmacological blockade of the autonomic nervous system (Fig. 2) .
However, an adequate assessment of the possible causal relationships between these regional variations in right ventricular flow and function requires further experimentation.
Several differences between normal and hypertrophied right ventricles were noted when the endocardial-epicardial perfusion ratios were analyzed on a regional basis (Tables 5 and 7) . First, the endocardial-epicardial perfusion ratios at rest and during right coronary artery occlusion were reduced in both central and peripheral zones of the hypertrophied right ventricle compared to normal, although the decreases consistently achieved statistical significance only when heart rates in the two groups were matched (Table 7) . Second, whereas both normal and hypertrophied right ventricles exhibited declines in the endocardial-epicardial perfusion ratio in the central zone of the right ventricle during right coronary artery occlusion, a decrease in the peripheral zone was observed only for hypertrophied right ventricle. Evidence for substantial perfusion of the right ventricle from the left coronary artery is suggested by the relatively small reductions in the endocardial-epicardial perfusion ratios of both normal and hypertrophied right ventricles during right coronary artery occlusion, as compared to previous reports concerned with the effects of left coronary artery occlusion on the regional distribution of blood flow to the left ventricle (Smith et al., 1975; Heyndrickx et al., 1978) .
In conclusion, results from this study indicate that whereas, under normal circumstances, the right ventricular free wall receives a substantial fraction (approximately 37%) of its perfusion from the left coronary artery, the development of severe pressure overload-induced right ventricular hypertrophy is not associated with enhanced perfusion of the right ventricle from the left coronary artery, but is characterized by an increase in the fractional contribution of the right coronary artery to total perfusion of the right ventricular free wall. Thus, the marked, selective increase in transmural blood flow to the hypertrophied right ventricle is via an augmentation of right coronary artery blood flow and is not the result of elevated blood flow from the left coronary artery.
